Cell surface exposed cholesterol is critical for cell attachment and invasion of many viruses 1 and bacteria, including the bacterium Salmonella, which causes typhoid fever and 2 gastroenteritis. Using flow cytometry and 3D confocal fluorescence microscopy, we found 3 that mitotic cells -even though representing only 1-4% of an exponentially growing 4 population -were much more efficiently targeted for invasion by Salmonella. This targeting 5 was not dependent on the spherical shape of mitotic cells, but was instead SipB-and 6 cholesterol-dependent. Thus, we measured the levels of plasma membrane and cell surface 7 cholesterol along the cell cycle using respectively brief staining with filipin and a 8 fluorescent ester of polyethylene glycol-cholesterol that cannot flip through the plasma 9 membrane, and found that both were maximal during mitosis. This increase was not only 10 due to the rise in global cell cholesterol levels along the cell cycle but also to a transient loss 11
3
Cholesterol is a key metabolic precursor and a determinant of membrane fluidity and lipid 21 lateral clustering (Maxfield and van Meer, 2010) . Cell surface exposed cholesterol is critical to 22 the cell binding and invasion of many viruses and pathogenic bacteria, including Salmonella 23 (Garner et al., 2002 ; Lafont et al., 2002; Rawat et al., 2003) . Salmonella causes typhoid fever 24
and a large proportion of gastroenteritis cases in humans. To invade cells, Salmonella assembles 25 a type 3 secretion system (T3SS), encoded in its pathogenicity island-1 (SPI-1), which acts as a 26 'molecular needle' to translocate virulence proteins into the host cell to trigger its entry (Galan, 27 2001) . The binding of Salmonella to its host depends on the presence of cholesterol in the 28 targeted membrane (Garner et al., 2002) . As the total cholesterol levels double between G1 and 29 G2 (Fielding et al., 1999) , we investigated whether Salmonella enterica serovar Typhimurium 30 (Salmonella) preferentially invades cells at specific stages of their cell cycle. We found that 31
Salmonella invades mitotic cells preferentially because cell surface cholesterol is maximal when 32 cells divide. 33
34

Results and Discussion
35
Salmonella invades mitotic cells preferentially 36
Using flow cytometry and confocal microscopy, we measured that Salmonella targeted mitotic 37 cells more efficiently than cells in other phases of their cell cycle ( Fig. 1A -E, S1A-F and Movies 38 S1-2), consistent with a recent observation (Misselwitz et al., 2011) . This was true for the 39 different wild-type strains (12023, SL1344 and LT2) and cell lines tested (Fig. S1A) . HeLa cells 40 have been widely used to study Salmonella entry but, since tumour cells can have a perturbed 41 cholesterol homeostasis (Gerlier et al., 1982) , we also used the diploid epithelial cell line RPE1. 42
After an infection of 10 min at a multiplicity of infection of 100, 60% of G2, but 93% of mitotic 43 cells (although representing 1% of the population) were infected by SL1344 (Fig. 1D-E and 44 S1E). Less than 20% of interphase but 60% of mitotic cells contained over 2 bacteria per cell 45 ( Fig. 1F and S1G) . As a consequence, 26% of all intracellular bacteria in the sample were inside 46 mitotic cells (Fig. S1H) . Mitotic cell preference was not due to the different shape (spherical) as 47 it remained when the infection was performed on cells rounded after detachment (Fig. 1G) . 48 49 50
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Changes in cholesterol asymmetry support ERM proteins recruitment during mitosis 114
Loss of cholesterol asymmetry induces a concomitant decrease at the inner leaflet (Fig. 3N) , 115 consistent with the decrease in the cholesterol-binding protein caveolin-1 at the plasma 116 membrane during metaphase (Boucrot et al., 2011) . To mitigate the decrease in inner leaflet 117 levels of cholesterol during mitosis, we enriched cells with cholesterol complexes. Addition of 118 cholesterol perturbed cell compaction and rounding causing metaphase cells to become 119 significantly bigger ( Fig. 4A; Movies S3-4) . The formation of the rigid cortical actin network 120 driving mitotic compaction is mediated by RhoA (Maddox and Burridge, 2003) and activated 121 ERM (Ezrin, Radixin, Moesin) proteins that bridge actin filaments to the plasma membrane 122 (Kunda et al., 2008) . Cholesterol addition did not affect Rho GTPases recruitment to the plasma 123 membrane during mitosis, but strongly decreased the recruitment of activated ERM proteins 124 (Fig. 4B-C, S4A -B and Movies S5-6), potentially explaining the defect in mitotic cell rounding 125 caused by cholesterol addition. As ERM proteins are not known to bind directly to cholesterol 126 but to phosphatidylinositol-4,5-bis-phosphate (Pi(4,5)P 2 ) (Roch et al., 2010) , a decrease in 127 cholesterol in the inner leaflet during mitosis might favour ERM proteins recruitment by 128 supporting higher levels of Pi(4,5)P 2 . Indeed, cholesterol enrichment led to a decrease in 129 Pi(4,5)P 2 levels during metaphase (Fig. 4D) , in agreement with a previous report (Chun et al., 130 2010) . Clarification of the mechanisms involved will help our understanding of mitotic cell 131 rounding as well as the propensity of dividing cells to be preferentially targeted by viruses and 132
bacteria. 133 134 135
Material and Methods
136
Cell culture and cholesterol levels manipulation 137 HeLa (ECACC 93021013) and RPE1 (ATCC CRL-4000) cells were grown at 37°C in 5% CO 2 in 138 DMEM (Gibco) or DMEM:F12 HAM 0.25% (w/v) sodium bicarbonate (Sigma) respectively, 139 supplemented with 1 mM Glutamine (Sigma) and 10% foetal calf serum. Cholesterol levels were 140 decreased and increased using 15 mM methyl-beta-cyclodextrin (MβCD) and 16 mg/mL water 141 soluble cholesterol, respectively (both Sigma). were from Invitrogen. DRAQ5 (Biostatus), filipin III, dehydroergosterol (DHE), (2,4,6-152 trinitrobenzene sulfonic acid) TNBS, staurosporine, 1-butanol and propidium iodide were from 153
Sigma. Synthesis and characterization of fPEG-cholesterol was described earlier (Madenspacher 154 et al., 2010) . 155
156
Bacterial strains and infections 157
Wild-type S. Typhimurium strains were 12023, SL1344 and LT2. SL1344 mutants were: 158 ΔsopE/sopE2/sopB/sptP (called ΔsopE/E2/B), ΔprgH (both from Dr Unsworth; Holden 159 laboratory) and ΔsipB (generated using λ red recombinase method; 5'-160 10 mM TNBS were added and another set of images taken after 1 min. In some experiments, the 204 cells were permeabilized using 40 mg/mL digitonin (Sigma). 205
Journal of Cell Science Accepted manuscript
GUVs were produced as described before (Meinecke et al., 2013) Journal of Cell Science Accepted manuscript
